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1. Introduction 2. Materials and methods 
It has been reported that actins from human uterine 
and from chicken gizzard smooth muscle are less 
effective than rabbit skeletal muscle actin in activating 
the Mg*+-ATPase activity of rabbit skeletal muscle 
myosin or heavy meromyosin (HMM, [ 1,2]). The dif- 
ference has been shown to result from an -2-fold 
greater apparent dissociation constant (Kapp) for 
gizzard actin, the maximum ATPase rate at infinite 
actin concentration (V,,) being the same for both 
gizzard and skeletal muscle actins [2]. The results 
obtained with uterine actin [l], likewise, also seem to 
indicate a difference in the Kapp-value rather than in 
V,, [2]. The aim of this study was to establish 
whether this difference in the interaction of smooth 
and skeletal muscle actins with myosin are preserved 
with smooth muscle myosin. To avoid complications 
connected with the partial degradation and/or phos- 
phorylation of the myosin regulatory light chain we 
have used mainly smooth muscle myosin heavy mero- 
myosin subfragment 1 (SFl) whichlacks the regulatory 
light chains (see [3]). Such SF1 preparations are 
obtained by papain digestion of gizzard or arterial 
myosin, and, like’intact myosin in a phosphorylated 
state, are activated by actin in a Ca’+-insensitive man- 
ner [4-91. 
Chicken gizzard and pig stomach myosin were 
prepared as in [3]. SF1 was prepared by papain diges- 
tion as in [lo] for skeletal muscle myosin with an 
additional purification step that included ammonium 
sulfate fractionation (45-55%) and gel filtration 
chromatography (AcA44; LKB). Papain was 0.03 and 
0.05 mg/ml for pig stomach and chicken gizzard myo- 
sin, respectively. The SF1 was stored in the form of 
an ammonium sulfate pellet in liquid nitrogen. 
These results show that the apparent affinity of 
gizzard actin for myosin in the presence of ATP is 
lower than that of skeletal muscle actin, independent 
of the source of myosin. The affinity increases in the 
presence of gizzard tropomyosin but this effect of 
tropomyosin is abolished at physiological salt concen- 
trations. 
Chicken gizzard actin was obtained from acetone- 
dried powder prepared either from fresh gizzard 
muscle with the ‘high salt/EDTA’ procedure [ 1 l] or 
from the ‘low ionic strength residue’ remaining after 
extraction of actomyosin [3]. The residue was washed 
twice with 3-5 vol. deionised water and then dehy- 
drated with acetone. Acetone-dried powder of rabbit 
skeletal muscle was prepared according to [ 121. The 
muscle powders were extracted with a solution of 
2 mM imidazole-HCl (PH 7.6), 0.2 mM ATP, 0.2 mM 
CaC12 (IO-20 vol./g powder) at 2°C. The actins were 
purified by 2 polymerisation-depolymerisation cycles 
using 30 mM KC1 for polymerisation, and in the con- 
stant presence of 0.2 mM ATP, 0.2 mM CaClz and 
2 mM imidazole-HCl (pH 7.6). Before the second 
polymerisation actin was centrifuged for 1 h at 
100 000 X g in the G-form to remove denatured, 
insoluble material. Directly before use, final F-actin 
pellets were resuspended in a solution of 2.5 mM 
MgC12, 0.1 mM CaC12, 10 mM imidazole (pH 7 .O) 
by gentle homogenisation in a Teflon/glass homdge- 
niser . 
The residue remaining after extraction of gizzard 
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actomyosin [3] was stored frozen and also used as a 
source of gizzard tropomyosin. After thawing and 
dehydration with ethanol and ether, tropomyosin 
was extracted and purified from this residue essen- 
tially according to [13,14]. 
If not stated otherwise ATPase activity was mea- 
sured with 4-8 I.IM SF1 in 10 mM imidazole-HCl (pH 
7.0), 2.4 mM MgC12, 0.1 mM CaCl,, 5 mM KC1 and 
2 mM ATP added at time zero, at 25°C. The reaction 
was terminated after 1-2 min by addition of trichloro- 
acetic acid, the precipitated protein removed by filtra- 
tion, and Pi determined as in [ 151. 
Protein concentration was determined by the 
biuret method [ 161. SDS-Polyacrylamide gel elec- 
trophoresis was done as in [ 171 with slight modifica- 
tions [lS]. 
3. Results and discussion 
In agreement with [4-91, SF1 -preparations obtained 
with papain and used throughout this study lacked 
virtually all of the 20 000 M, light chains (fig.1 c,e). 
The electrophoretograms of pig stomach SF1 (fig.le) 
show the same 2 heavy chain fragments only when 
digested at the lower concentration of papain (see 
a b c d e f g h i 
Fig.1. Sodium dodecyl sulfate(SDS)-polyacrylamide gel 
electrophoresis of the protein preparations u ed in the 
present study: (a) chicken gizzard myosin; (b) crude chicken 
gizzard myosin used only for the preparation of its SF1 sub- 
fragment (c); (d) crude pig stomach myosin used for the 
preparation of its heavy meromyosin subfragments; (e) pig 
stomach SF1 ; (f) pig stomach HMM; (g,h) gizzard F-actin 
prepared from fresh muscle with the ‘high salt/EDTA’ pro- 
cedure (g) or from the residue after actomyosin extraction 
(h); (i) chicken gizzard tropomyosin. 
section 2). Thus the heavy chains of pig stomach 
myosin are more susceptible to papain digestion than 
of chicken gizzard myosin, indicating some differences 
in the heavy chain structure of myosins from these 
2 muscles. Within a limited range the more extensive 
heavy-chain fragmentation did not result in any loss 
of the specific ATPase activity for both SF1 subfrag- 
ments. 
As has been reported for papain-produced chicken 
gizzard [6] and arterial myosin SF1 [9] the Mg2’- 
ATPase activity measured in the absence of actin 
(100-l 60 nmol Pi . mg-’ . min-‘) is higher than this 
activity for intact myosin (20-30 nmol Pi . mg-’ . min-‘) 
indicating some alteration of the active site. This resid- 
ual ATPase activity of SF1 alone was subtracted from 
the actin-activated ATPase which was -3-IO-fold 
higher. Fig.2 shows representative double-reciprocal 
plots of the ATPase rate of gizzard SF1 vs actin con- 
centration. Table 1 gives the extrapolated values of 
V max and Kapp obtained for gizzard and pig stomach 
SF1 preparations with several preparations of gizzard 
and skeletal muscle actins. Assuming 115 000 Mr for 
SF1 , the catalytic activity of gizzard SF1 at infinite 
concentration of rabbit skeletal muscle actin was 
2.3-3.7 s-l. These values for V,, are higher than in 
[7,8] while the K,, -values for skeletal muscle actin 
correspond closely to those obtained by others [7,8]. 
The absolute values depended on the SF1 preparation 
chlcken gizzard ac 
keletal muscle actin 
I & I I 1 
-0.04 0 0.04 0.08 0.12 
l/[actlnlluM-‘) 
Fig.2. Lineweaver-Burk plots of actin-activated ATPase activ- 
ities of chicken gizzard myosin SFI. The ATPase activity was 
measured as in section 2 with 5.5 PM SF1 and 8.6-l 12 bM 
actin. 
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Table 1 
Kinetic parameters of the activation of SF1 ATPase by chicken gizzard and 
skeletal muscle actin 
November 1981 
SF1 Actin Fmax (firno Pi . 
mg-’ . mm-‘) 
I‘hp 
(PM) 
Kapp gizzard 
Kapp skeletal muscle 
Chicken 
gizzard 
Skeletal 
Gizzarda 
Skeletal 
Gizzarda 
1.92 96 
2.25 164 
1.28 74 
1.18 142 
Skeletal 
Gizzarda 
1.22 
1.04 
Skeletal 1.31 
Gizzardb 1.64 
Pig 
stomach 
Skeletal 
Gizzarda 
Skeletal 
Gizzarda 
1.71 30.6 
1.95 53.3 
1.74 38.6 
1.44 56.2 
Skeletal 
Gizzard 
59 
110 
53 
166 
113c 
22oc 
1.71 
1.92 
1.86 
3.13 
1.74 
1.46 
1.96 
a Actin from muscle powder prepared with the ‘high salt/EDTA’ procedure 
b Actin from muscle powder prepared from the residue after actomyosin extrac- 
tion (see section 2) 
Assay conditions as in section 2 except c where KC1 was 7.6 mM and imidazole- 
HC140 mM 
and somewhat varied from experiment to experiment, 
but in all cases there was little or no difference in 
V max obtained with gizzard and skeletal muscle actin. 
At the same time the K, 
general about twice that or skeletal muscle actin. P 
for gizzard actin was in 
Although the kinetic parameters of the activation of 
gizzard SF1 by gizzard actin might not have been 
accurately determined because of a high K,,-value, 
exceeding experimentally attainable actin concentra- 
tions, the difference between K,, for gizzard and 
skeletal muscle actin was similar to that observed 
with pig stomach SF1 . In the latter case the Kapp 
value was sufficiently low to obtain reliable estimates 
of both kinetic parameters. 
In a preliminary experiment on HMM prepared by 
limited chymotryptic digestion of pig stomach myosin 
the double-reciprocal plots of the ATPase activity vs 
actin concentration also extrapolated to the same 
V max and a different K 
.“{P 
-3-times higher for gizzard 
actin. In agreement wit [ 19,201, at the low chymo- 
trypsin concentration (0.05 mg/ml) used to prepare 
HMM at least one of the myosin regulatory light 
chains was preserved (fig.lf) and, consequently, the 
actin-activation required the presence of the myosin 
light-chain kinase and Ca*+ as in the intact myosin 
system. A noticeable difference in the activation of 
the intact gizzard myosin by gizzard and skeletal 
muscle actins was also observed (table 2). As with 
myosin subfragments, this difference tended to dis- 
appear at high actin:myosin ratios (not shown). 
Based on these results and those in [2] one can 
conclude that, independent of the source of myosin, 
the apparent affinity of gizzard actin for myosin- 
products complexes during ATP hydrolysis is lower 
than that of skeletal muscle actin. However, the rate 
of products displacement from the myosin active 
centre, which according to the Lymn-Taylor scheme 
of actomyosin ATPase determines the maximum 
ATPase rate at infinite actin concentration [22], is 
the same for the 2 actin species. 
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Table 2 
Activation of phosphorylated chicken gizzard myosin by gizzard and skeletal 
muscle actin and the effect of gizzard tropomyosin 
- 
Actin Tropomyosin ATPase activity 
(nmol Pi . mg myosin-* . min-‘) 
a b 
Gizzard Absent 70 122 
Skeletal muscle Absent 101 144 
Gizzard Present 453 660 
Skeletal muscle Present 352 508 
Experiments were done at 0.48 mg myosin/ml and at 2 actin concentrations: (a) 
0.20 mg/ml; (b) 0.60 mg/ml. Chicken gizzard tropomyosin was used at 3-fold 
lower concentration than the actin. The myosin light chain kinase was purified 
as in [21] and its concentration chosen to ensure maximal phosphorylation of 
myosin after 1 O-l 5 s. The composition of the ATPase assay medium was as in 
section 2 but with 30 mM KCI. The gizzard actin was prepared from the acetone 
powder of the ‘low ionic strength residue’ 
The difference in the interaction of gizzard and 
skeletal muscle actin with myosin is interesting from 
the point of view of an effect of particular substitu- 
tions in the amino acid sequence on the functional 
properties of actin (cf. [2]). However, it does not 
seem to significantly contribute to differences in 
physiological properties of smooth and skeletal 
muscle, as the maximum velocity of shortening is 
proportional to V,, of actomyosin ATPase [23] 
and the latter value does not depend on actin species. 
Moreover, consistently with [24-271, the ATPase 
activity of actomyosin reconstituted from smooth 
muscle myosin and smooth or skeletal muscle actin, 
under conditions involving the phosphorylation of 
the myosin regulatory light chain, was amplified 3-4- 
fold by tropomyosin (table 2). Interestingly, the 
activating effect of gizzard tropomyosin is higher in 
the case of smooth muscle actin. The ATPase activity 
values obtained for the system reconstituted from 
the 4 major purified components of gizzard actomyo- 
sin (myosin, actin, tropomyosin and myosin light-chain 
kinase) are very much the same as these values 
obtained for purified [24] or crude (A. S., unpublished) 
actomyosins indicating no need for any additional 
activators such as leiotonin (see [28]). However, we 
do not exclude a possibility that some modulatory 
factors may operate in vivo. 
To get some information on steps in the ATPase 
cycle which are affected by tropomyosin, we have 
compared the ATPase activities of gizzard acto-SF1 
200 
as a function of actin and actin-tropomyosin concen- 
tration. Like with the intact myosin, in the presence 
of gizzard tropomyosin an enhancement of the acto- 
SF1 ATPase activity was observed at low to moderate 
F-actin concentrations, whereas at high actin concen- 
trations this effect disappeared. The relatively high 
KC1 concentration used in these experiments, to 
- 
.F 24 
E 1 
I I I 1 
-0.01 0 0.02 0.04 0.06 
l/[actinl(~M~‘) 
Fig.3. Effect of chicken gizzard tropomyosin on the activa- 
tion of the ATPase activity of gizzard SF1 by gizzard actin. 
Conditions were as above, except that 31 mM KCl and 7.4 @M 
of SF1 was present with 18.7-98.3 IIM of chicken gizzard 
actin. Tropomyosin (when present) was added in a 1: 3 (w/w) 
ratio to actin. 
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Fig.4. Effect of chicken gizzard tropomyosin on the ATPase 
activity of gizzard acto-SF1 as a function of KCl. Conditions: 
5-7 PM of SFl, 37-42 nM actin and 1:3 tropomyosin:actin 
(w/w). The acto-SF1 ATPase in the absence of tropomyosin 
was taken as 100%. Each point is an average of 2-3 expt. 
avoid difficulties connected with a very high viscosity 
of tropomyosin in the absence of salt, significantly 
increased the Kapp value, making the estimation of 
kinetic parameters ubject to a large error. Represen- 
tative results shown in fig.3 seem to indicate that the 
effect of tropomyosin is to decrease the Kapp-value 
with a concomitant decrease in V,, . In terms of 
the Lymn-Taylor model (see [22]) these results 
imply that the rate constants of at least 2 steps of the 
ATPase mechanism are affected by tropomyosin. In 
the smooth muscle actomyosin system, at low to 
moderate actin concentrations, the steady-state 
ATPase rate is controlled by the rate of reassociation 
of the myosin-products complex with actin as for 
skeletal muscle actomyosin [8]. Thus, tropomyosin 
seems to increase the rate of this process. At the 
same time it decreases the rate of products displace- 
ment from the myosin active centre. Both these 
effects are consistent with a lowering of the Kapp- 
value which is inversely proportional to the affinity 
of actin to various myosin-products complexes. 
While the above experiments were performed at 
as low as possible salt concentrations to obtain reli- 
able estimates of kinetic parameters, evaluation of the 
role of tropomyosin in muscle requires examination 
of its effects under physiological ionic conditions. 
The activating effect of gizzard tropomyosin on 
gizzard acto-SF1 ATPase diminished when the con- 
centration of KC1 was increased, and nearly disappeared 
at 100 mM KC1 (fig.4) when the affinity of tropo- 
myosin to actin is the highest [29,30]. Thus, the 
physiological role of tropomyosin in smooth muscle 
requires further investigation. 
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